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GLH DQG WKH HIIHFWV RI WKH VSLQQHUHW SODWH RQ WKH YHORFLW\ GLVWULEXWLRQ DVZHOO DV WKH RSWLPL]DWLRQ RI WKH GLHZHUH
VWXGLHGEDVHGRQILQLWHHOHPHQWVLPXODWLRQ>@
3UHVVXUHDQGYHORFLW\DUHWKHPRVWLPSRUWDQWIDFWRUVGXULQJWKHGHVLJQDQGDQDO\VLVRIGLH7KHSUHVVXUHGURSLQ
GLHFDYHFRXOG UHDFK WZHQW\03DZKLFKKDVJUHDW LQIOXHQFHRQ WKH VHDOLQJSHUIRUPDQFHDQG OLIHF\FOHRIGLH WKH
XQLIRUPYHORFLW\RQWKHRXWOHWLVHVVHQWLDOUHTXLUHPHQWIRUJRRGTXDOLW\SURGXFW6RWKHGHVLJQHUVVKRXOGGHFUHDVHWKH
SUHVVXUH GURS DV IDU DV SRVVLEOH IRU HQHUJ\ VDYLQJ DQG H[WHQGLQJ WKH OLIH RI GLH RQ WKH SUHPLVH WKDW JHW XQLIRUP
YHORFLW\RQWKHRXWOHW
7KHGLHVWXGLHGLQWKLVSDSHUZDVGHVLJQHGDQGPDQXIDFWXUHGE\D*HUPDQFRPSDQ\KRZHYHULWIRXQGWKDWWKH
$%6DFU\ORQLWULOHEXWDGLHQHVW\UHQHFRSRO\PHUFRXOGQ¶WEHH[WUXGHGIURPWKHGLHVXFFHVVIXOO\DIWHUWKHGLH¶VILUVW
LQVWDOODWLRQ7KHVROLGLILHGERG\)LJZDVJRWDIWHUWKHXQLQVWDOODWLRQRIGLH,QRUGHUWRVWXG\WKHFDXVHVRIIDLOXUH
WKH ILQLWH HOHPHQW VRIWZDUH3RO\IORZ LV XVHG IRU WKH VLPXODWLRQ RI IORZ ILHOG LQ WKH GLH FDYH DQG WKH FDXVHV DUH
REWDLQHGDFFRUGLQJWRWKHDQDO\VLVRIYHORFLW\DQGSUHVVXUH


)LJ6KDSHRIGLHFDYH
*HRPHWULFPRGHODQG0HVKLQJ
&RDWKDQJHUGLHLVPDLQO\FRPSRVHGRIHQWUDQFHPDQLIROGDQGVOLWFKDQQHO)LJMXVWKDOIRIWKHGLHLVVKRZQ
LQWKHILJXUHGXHWRWKHV\PPHWU\RIWKHPRGHO0DQLIROGDQGVOLWFKDQQHOSHUIRUPWKHGLVWULEXWLRQIXQFWLRQRIPHOW


 )LJ%DVLFVWUXFWXUHRIFRDWKDQJHUGLH )LJ6WUXFWXUHJULG
7KHGLHFDYHVZHUHPROGHGE\8*DQGWKHQLPSRUWHGLWWR,&(0IRUPHVKLQJKH[DKHGUDOILQLWHHOHPHQWPHVKHV
ZHUHREWDLQHGZLWK,&(0¶VSRZHUIXO2EORFNIXQFWLRQ)LJ-XVWRQHIRXUWKRIPRGHOZDVFRQVLGHUHGGXHWRWKH
V\PPHWU\RIGLH
*RYHUQLQJHTXDWLRQV
7KHIROORZLQJDVVXPSWLRQVDUHSURSRVHGE\FRQVLGHULQJWKHVSHFLILFFRQGLWLRQVRIWKHFRQYH\LQJRIPHOWDV
ZHOODVWKHFKDUDFWHULVWLFVRIWKHSRO\PHUZKHQFDOFXODWHWKHIORZILHOG
 7KHPHOWLVLQFRPSUHVVLEOHQRQ1HZWRQLDQIOXLG
 )ORZILHOGLVVWHDG\LVRWKHUPDODQGIXOO\GHYHORSHGODPLQDUIORZ
 7KHLQHUWLDDQGJUDYLW\FRXOGEHQHJOHFWHG
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 'LHFDYHLVILOOHGZLWKPHOWFRPSOHWHO\
 1RVOLSEHWZHHQPHOWDQGGLHFDYHZDOO
$FFRUGLQJWRWKHDERYHDVVXPSWLRQWKHFRQWLQXLW\HTXDWLRQPRPHQWXPHTXDWLRQDQGFRQVWLWXWLYHHTXDWLRQXQGHU
WKH&DUWHVLDQFRRUGLQDWHV\VWHPFRXOGEHZULWWHQDV
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7KHWHPSHUDWXUHRIPHOWLQZRUNLQJFRQGLWLRQLVćDQGWKHPD[LPXP\LHOGLVNJKU7KHFXUYH)LJ
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  



6
KH
DU
9
LV
FR
VL
W\
3
D
V
6KHDU5DWHV

)LJ&XUYHRIYLVFRVLW\DQGVKHDUUDWH
1422   H.H. Wang et al. /  Procedia Engineering  130 ( 2015 )  1419 – 1424 
0DWHULDOSURSHUWLHVDQG WKH IRXUSDUDPHWHUV LQ%LUG&DUUHDXPRGHOREWDLQHGZLWKVRIWZDUH2ULJLQDFFRUGLQJ WR
WKHPHDVXUHGGDWDDUHUHSRUWHGLQWDEOH
7DEOH0DWHULDOSDUDPHWHUV
,WHP 9DOXH
'HQVLW\NJāP 
=HURVKHDUUDWHYLVFRVLW\3DāV 
,QILQLWHVKHDUUDWHYLVFRVLW\3DāV 
1DWXUDOWLPHV 
3RZHUODZLQGH[ 
%RXQGDU\FRQGLWLRQV
3RO\IORZ LV D FRPSXWDWLRQDO IOXLG G\QDPLFV &)' SURJUDPZKLFK H[SHUWLVH LQ VLPXODWLQJ DSSOLFDWLRQVZKHUH
YLVFRXVDQGYLVFRHODVWLFIORZVSOD\DQLPSRUWDQWUROHEDVHGRQILQLWHHOHPHQWPHWKRGLWKDVVWURQJDELOLW\RIVROYLQJ
QRQ1HZWRQLDQ QRQOLQHDU SUREOHP ZKLFK PDNH LW ZLGHO\ XVHG LQ LQGXVWU\ HVSHFLDOO\ LQ SRO\PHU DQG UXEEHU
SURFHVVLQJIRRGUKHRORJ\JODVVZRUNIXUQDFHVDQGPDQ\RWKHUUKHRORJLFDODSSOLFDWLRQV>@
%RXQGDU\FRQGLWLRQVZHUHLPSRVHGWRWKHQXPHULFDOPRGHODFFRUGLQJWRWKHIORZFKDUDFWHULVWLFVLQWKHGLHFDYH
$ YHORFLW\ LQGXFHG IURP WKH UDWH RI IORZZDV DSSOLHG WR WKH HQWU\ VHFWLRQ 6\PPHWU\ FRQGLWLRQVZHUH VHW DW WKH
V\PPHWU\SODQHVDQGVHWRXWOHWFRQGLWLRQDWWKHH[LWVHFWLRQGLUHFWO\LQWKHSURJUDPIRUWKHIXOO\GHYHORSHGIORZRQ
WKHRXWOHW1RQVOLSFRQGLWLRQZDVLPSRVHGRQFRQWDFWVXUIDFHRIPHOWDQGGLH
5HVXOWVDQGDQDO\VLV
6.1. Velocity analysis on the outlet 
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 )LJ9HORFLW\GLVWULEXWLRQRQWKHV\PPHWU\SODQH )LJ9HORFLW\DWWKHFHQWUDOOLQHRQWKHRXWOHW
7KH YHORFLW\ UHDFKHV WKHPD[LPXP YDOXH DW WKH LQWHUVHFWLRQ RI HQWUDQFH DQGPDQLIROG )LJ  DQG WKHUH KDV
VWDJQDQW]RQHDWWKHHQGRIPDQLIROG
8QLIRUPGLVWULEXWLRQRIYHORFLW\DWWKHRXWOHWLVDNH\IDFWRUIRUDTXDOLW\SURGXFW)LJVKRZVWKHUHKDVODUJHU
YHORFLW\IOXFWXDWLRQRQWKHRXWOHWHVSHFLDOO\RQWKHSODFHFORVHWRWKHPDQLIROGHQGWKLVLVEHFDXVHWKHWUHDWPHQWDW
HQG RI PDQLIROG DQG VOLW FKDQQHO IRU WKH FRQYHQLHQFH RI GHVLJQ DQG PDQXIDFWXUH WKH UHDVRQ ZK\ WKH YHORFLW\
VXGGHQO\GURSWR]HURLVWKDWWKHQRQVOLSERXQGDU\FRQGLWLRQZDVDSSOLHGRQWKHFRQWDFWVXUIDFH
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6.2. Analysis of stagnation flow  
,QDGGLWLRQWRWKHXQLIRUPYHORFLW\GLVWULEXWLRQRQWKHRXWOHWZKHWKHUWKHIOXLGPLFURHOHPHQWVIORZLQWRWKHGLHDW
WKHVDPHWLPHFDQH[LWIURPWKHGLHVLPXOWDQHRXVO\DOVRPDNHJUHDWFRQWULEXWLRQWRWKHSURGXFWTXDOLW\IRULWZLOO
OHDGWR WKHGLIIHUHQFHLQFRORXUDQGPHFKDQLFDOSURSHUWLHVRI WKHILQDOSURGXFWVGXHWR WKHGHJUDGDWLRQRISRO\PHU
ZKLFK VWD\ LQ WKH GLH ZLWK KLJK WHPSHUDWXUH IRU ORQJHU WLPH>@ 6R WKH VWDJQDWLRQ IORZ LV VRPHWKLQJ FDQQRW EH
QHJOHFWHGGXULQJWKHGHVLJQDQGDQDO\VLVRIGLH
5HIHU WR WKH GHILQLWLRQ RI VWDJQDWLRQ IORZ LQ WKH OLWHUDWXUH >@ VHW ILYH SHUFHQW RI WKH PD[LPXP YHORFLW\ DV
VWDJQDWLRQYHORFLW\EXWWKHVWDJQDWLRQVL]HRIIORZILHOGKHUHLVPHDVXUHGLQWHUPVRIWKHSHUFHQWDJHRIYROXPHWKDW
YHORFLW\EHORZ WKH VWDJQDWLRQYHORFLW\ZKLFK LVGLIIHUHQW WR WKH UHIHUHQFH7KH UHVXOWV LQ WDEOH LQGLFDWH WKDW WKH
VWDJQDWLRQVL]HLVLQUHDVRQDEOHUDQJHIRUQRQVOLSERXQGDU\FRQGLWLRQZDVDSSOLHGRQDOOFRQWDFWVXUIDFHZKLFKOHDG
WRORZYHORFLW\WRWKHIORZQHDUE\ZDOO
7DEOH6WDJQDWLRQVL]H
,WHP 9DOXH
0D[LPXPYHORFLW\˄PV˅ 
6WDJQDWLRQYHORFLW\˄PV˅ 
6WDJQDWLRQYROXPH˄P˅ 
7RWDOYROXPH˄P˅ 
6WDJQDWLRQVL]H˄˅ 
6.3. Analysis of pressure  
7KHPD[LPXPDOORZDEOHSUHVVXUHGURSRIWKLVNLQGRI$%6DWWKH\LHOGRINJKULV03D,QRUGHUWRJDLQD
XQLIRUPVKHHW WKLFNQHVVDFURVV WKHZLGWKRIGLHSUHVVXUHGURSDW HDFK VWUHDPOLQH IURP LQOHW WRRXWOHWPXVWEH WKH
VDPH


)LJ3UHVVXUHILHOGLQWKHGLHFDYH
6HW8DVWKHSUHVVXUHGLVWULEXWLRQXQLIRUPLW\FRHIILFLHQW>@
PD[ PLQ
PD[
P PU
P
' ' u
'
  
ZKHUH˖ PD[P' ²PD[LPXPSUHVVXUHGURS
PLQP' ²PLQLPXPSUHVVXUHGURS
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7KHSUHVVXUHGURSDORQJWKH\D[LVLVXQLIRUP)LJDQGWKHSUHVVXUHGLVWULEXWLRQXQLIRUPLW\FRHIILFLHQWLV
LW PHDQV WKDW WKH GLH JDLQHG D XQLIRUP SUHVVXUH GLVWULEXWLRQ KRZHYHU WKHPD[LPXP SUHVVXUH GURS KDV UHDFKHG
03DZKLFKKDVH[FHHGHGWKHDOORZDEOHYDOXHDQGWKLVLVWKHPDLQFDXVHRIGLHIDLOXUH
&RQFOXVLRQV
9HORFLW\DQGSUHVVXUHILHOGZHUHREWDLQHGZLWKWKHPHDQVRIQXPHULFDOVLPXODWLRQDFFRUGLQJWRWKHDQDO\VLVRI
YHORFLW\RQWKHRXWOHWZHNQRZWKDWWKHYHORFLW\IOXFWXDWLRQLVWRRODUJHZKLFKPD\KDVDJUHDWLQIOXHQFHXSRQWKH
TXDOLW\RISURGXFW
$QDO\VLVRIVWDJQDWLRQIORZLQWKHGLHFDYHLVDQHFHVVDU\PHDQVIRUDEHWWHUTXDOLW\RISURGXFWDQGWKHVWDJQDWLRQ
VL]HFRXOGEHXVHGDVDQLQGH[WRHYDOXDWHWKHGHVLJQV
7KHPD[LPXP SUHVVXUH GURS LV 03D DOWKRXJK LW KDV XQLIRUP GLVWULEXWLRQ DORQJ WKH \ D[LV LW H[FHHG WKH
DOORZDEOHYDOXHZKLFKOHDGVWRWKHIDLOXUHRIGLH
5HIHUHQFHV
>@ =KL<X7DQJ2SWLPL]DWLRQGHVLJQRISODVWLFH[WUXVLRQGLHDQGLQMHFWLRQPROG>0@%HLMLQJ&KLQDPDFKLQHSUHVVa,Q
&KLQHVH
>@ <RQJ OL -LDQURQJ ]KHQJ  1XPHULFDO 6LPXODWLRQ RI 3RO\PHU )ORZV LQ &RDW+DQJHU 'LH 8VLQJ:DJQHU &RQVWLWXWLYH0RGHO >&@
$GYDQFHG0DWHULDOV5HVHDUFK7UDQVWHFKSXEOLFDWLRQV6ZLW]HUODQG
>@ 7LQJTL:X%R-LDQJ7KUHHGLPHQVLRQDOQRQLVRWKHUPDOVLPXODWLRQRID&RDW+DQJHU'LH-RXUQDORI$SSOLHG3RO\PHU6FLHQFH
±
>@ .DLPHQJ[LQKRX:DQJ1XPHULFDOVLPXODWLRQDQGDQDO\VLVRIIOXLG1XPHULFDOVLPXODWLRQDQGDQDO\VLVRIIOXLG7H[WLOHUHVHDUFK
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